Background: The question of whether employees' sickness absence from the workplace depends on personality has been researched. Existing evidence mostly stems from cross-sectional studies, mainly showing that personality factors were not associated with the number of sick leave days, except for neuroticism, which was positively associated with sick leave days. Based on the above, it remains an under researched question whether intraindividual changes in personality factors are associated with changes in sick leave days. Thus, based on a nationally representative sample, the current study aimed to investigate the relationship between personality factors and sick leave days longitudinally based on a nationally representative were used. The Big Five Inventory-GSOEP (BFI-S) was used to measure personality. Sick leave days in the preceding year were recorded. Poisson fixed effects regressions were used. Results: Adjusting for potential confounders, regressions showed that increases in neuroticism were associated with increased sick leave days. The longitudinal association between extraversion and sick leave days was marginally significant (p < 0.10). Other personality factors were not significantly associated with sick leave days. In addition, sick leave days increased with worsening self-rated health, presence of severe disability and increasing age. Conclusions: The findings of the current study highlight the association between neuroticism and sick leave days longitudinally. Further research is required to elucidate the underlying mechanisms.
Introduction
In recent decades, interest in research on personality has been increasing, because, among others, research on the topic of personality repeatedly shows the importance of this aspect in various economic aspects [1] [2] [3] [4] [5] . Thereby, the so-called "Big Five" approach is widely used to describe personality factors. According to it, personality differences between individuals can be divided into five basic personality traits: neuroticism, extraversion, openness to experience, agreeableness and conscientiousness. Judge and his colleagues [6] describe these five factors as follows: neuroticism signifies perception of, in particular, negative emotions and is associated with anxiety and emotional instability, extraversion signifies perceptions and behaviors in relationships between people, extraverted people are often characterized as sociable, enthusiastic and energetic, openness to experience signifies intelligence, open-mindedness and a tendency to be non-conforming, agreeableness is associated with the ability to build teams, to care about others, and conscientiousness refers to job performance, to what extent is the person organized, unimpulsive and reliable. In addition, personality changes at least to some degree throughout the life of an individual [7] .
The question of whether employees' sickness absence from the workplace depends on personality has also been researched [8] [9] [10] . Existing evidence mostly stems from cross-sectional studies, mainly showing that personality factors were not associated with the number of sick leave days, except for neuroticism, which was positively associated with sick leave days. The only exception is the longitudinal study of Kok and colleagues [11] . Using multiple logistic regressions, they investigated whether conscientiousness influences long-term absenteeism (11 and more working days). Based on the above, it remains an under researched question whether intraindividual changes in personality factors are associated with changes in sick leave days. Thus, based on a nationally representative sample (Germany), the current study aimed to investigate the relationship between personality factors and sick leave days longitudinally.
Materials and Methods

Sample
For this study, data were derived from three survey waves (22th wave taking place in the year 2005, 26th wave taking place in the year 2009, and 30th wave taking place in the year 2013) of the German Socio-Economic Panel (GSOEP). The GSOEP is the largest household panel study in Germany. Since 1984 (first survey wave), every year Germans (from Old and New German States), foreigners, and immigrants have been interviewed annually. The data covers practically all spheres of the participants' lives: education, employment, income, health, satisfaction indicators and others. Further details are given elsewhere [12] . In this study, we restricted our analysis to employed individuals aged 17 to 64 years.
Dependent Variables
The number of sick leave days in the preceding year was reported by the respondents.
Independent Variables
Based on the Big Five Inventory (BFI), Rammstedt et al. [13] developed a short scale to quantify the personality factors (Big Five Inventory-SOEP, BFI-S), which consists of 15 items, especially for the German-speaking area. It has been demonstrated that this scale has satisfactory psychometric properties. [14] According to the BFI-S, each personality factor is measured using three items (by summing the three items); each item represents one statement, which can be evaluated with a seven-point answer scale (1= "not correct at all" to 7= "fully correct"). Each subscale ranges from 3 to 21. With regard to the neuroticism, higher values indicate higher neuroticism. With regard to extraversion, higher values indicate higher extraversion. With regard to openness to experience, higher values indicate higher openness to experience. With regard to agreeableness, higher values indicate higher agreeableness. With regard to conscientiousness, higher values indicate higher conscientiousness.
Moreover, the following control variables were included in our regression model: age, marital status (0 = married, living separated from spouse, divorced, widowed, single, 1 = married; living together with spouse), self-rated health (ranging from 1= "very good" to 5 = "bad"), and the presence of severe disability (yes/no). In sensitivity analysis, log equivalent net income was added to the main model.
Statistical Analysis
To estimate the association between personality factors and sick leave days, Poisson fixed effects (FE) regressions were used. Poisson FE regressions were used because they provide consistent estimates even when unobserved factors (e.g., genetic disposition) are associated with the explanatory variables (under the assumption of strict exogeneity). Consequently, time-constant factors (both, observed and unobserved) associated with the explanatory variables do not bias the FE estimates [15] .
FE regressions solely exploit variations within units (i.e., individuals) over time. In our current study, we investigated whether changes within individuals over time in personality factors were associated with changes within individuals over time in the number of sick leave days. Therefore, only time-varying factors (such as self-rated health) can be used as main effects in FE regressions. This means that time-constant factors (i.e., factors that do not vary within individuals over time such as sex, ethnicity or genetic factors) cannot be included as main effects in Poisson FE regressions. However, these time-constant factors are implicitly controlled [15] . The choice of using FE regressions was also corroborated by the Hausman test (Hausman test statistic= 958.83, p < 0.001). The level of significance was set at 0.05. Statistical analyses were carried out with Stata 15.0 (Stata Corp., College Station, TX, USA).
Ethical Approval and Consent to Participate
Not applicable. An ethical approval was not obtained because criteria for the need of an ethical statement were not met (risk for the respondents, lack of information about the aims of the study, examination of patients). However, the German Council of Science and Humanities (Wissenschaftsrat) evaluated the German Socio-Economic Panel (GSOEP) at the Deutsches Institut für Wirtschaftsforschung, (DIW), Berlin. The German Council of Science and Humanities approved the GSOEP.
Results
Sample Characteristics
Pooled over time, descriptive characteristics of the individuals included in FE regressions are shown in Table 1 . The final study sample consisted of 16,344 observations (6594 individuals), mean age was 42.91 (SD: 10.81), the majority were married (62.21%). The average scores for personality factors in the full sample were as follows: neuroticism-11.43 (SD: 3.58), extraversion-14.55 (SD: 3.40), openness to experience-13.50 (SD: 3.45), agreeableness-15.95 (SD: 2.88), and conscientiousness-17.65 (SD: 2.63). The average number of sick leave days in the preceding year was 11.12 (SD: 26.81). 
Regression Analysis
Prior to FE regression analysis, it was checked whether there is enough within-variation (i.e., changes within individuals) in the independent variables and the outcome measure over time (from 2005 to 2013) to get precise estimates. To this end, the Stata commands 'xttab' and 'xttrans' were used. Actually, there were enough within-variation in all variables (results not shown, but available upon request). Therefore, FE regressions were performed with the aforementioned time-varying variables.
The results of the FE regression are presented in Table 2 . By using FE regressions, we examined whether intraindividual changes in personality characteristics were associated with intraindividual changes in the number of sick leave days. In the main model, the FE regression showed that the number of sick leave days within individuals over time increased with increasing neuroticism within individuals over time (from 2005 to 2013) (incidence rate ratio: 1.02 [95%-CI: 1.00-1.04], p < 0.05). The other personality factors were not significantly associated with the number of sick leave days.
The robustness of our relation of interest was examined by comparing the main model with an additional model (in terms of significance and effect size; results not shown, but available upon request). In this additional model, income was added to the main model. FE regressions showed that the effect of neuroticism on sick leave days remained virtually the same (β = 1.02, [1.00-1.04], p < 0.05).
Discussion
Main Findings
Based on a nationally representative longitudinal sample (GSOEP), the aim of the current study was to investigate whether changes in personality are associated with changes in sick leave days. Adjusting for potential confounders, Poisson FE regressions showed that increases in neuroticism were associated with increased sick leave days. Other personality factors were not significantly associated with sick leave days.
Comparison with the literature and Possible Explanations
Comparing the results of the current study with the previous research is difficult because of the lack of studies in this research area investigating personality factors and sick leave days and additionally, as mentioned earlier, because most studies in this area are cross-sectional; comparing the results from single points in time, obtained from cross-sectional studies, with results from longitudinal studies, representing personal or social changes, is difficult. Most of the cross-sectional studies found that personality factors, for the most part, were not associated with the number of sick leave days [8] [9] [10] ; the only factor that was strongly associated with sick leave days was neuroticism [9, 10] . For example, Störmer and Fahr [9] found, in their cross-sectional study, a significant association between neuroticism and absenteeism (sickness absence with more than 30 days was excluded). They observed that neurotic male employees have 0.47 additional days of absence. However, this association was not observed among women.
Furnham and Miller [8] found that none of the personality factors, which was measured with Eysenck Personality Inventory (extraversion, neuroticism) were associated with actual recorded sick leave days, only with the number of occasions on which each person had been absent. The dependent variable "Absenteeism" was defined as periods of absence during the year and actual recorded sick days per annum. The results of this study are difficult to compare with the results of the current work, because of the study design (cross-sectional vs. longitudinal) and the tools used for measuring personality are different. Vlasveld et al. [10] investigated the association between the "Big Five" factors and sickness absence in two groups of individuals: healthy subjects and subjects with psychopathology (depressive and anxiety disorders). According to the results, a higher value of neuroticism was associated with short-term absence (for the healthy group) and with long-term absence (for both groups).
The only study investigating the impact of personality on sick leave days longitudinally was the study of Kok et al. [11] ; using multiple logistic regression they examined conscientiousness and revealed that it does not affect the long-term absenteeism of employees (Netherlands Study of Depression and Anxiety). The current study used a Poisson FE regression that unlike multiple logistic regression allows to investigate the relation between intraindividual changes in personality and it allows to mitigate the problem of unobserved heterogeneity. Our findings add to this longitudinal study by examining the personality factors in a broader sense. In other words: This is the first study investigating the relation between intraindividual changes in personality (measured with the Big Five) and changes in sick leave days.
In this study, increased neuroticism led to an increase in the number of sick leave days. One explanation approach might be that individuals who score high in neuroticism are very concerned about his or her ailments and consequently talk with the peer group about these ailments. The peer group might urge the individuals scoring high in neuroticism to visit the doctor who finally give him or her a sick note. However, future research is required to clarify these assumptions. Another explanation might be that neuroticism is directly associated with mental health [16, 17] , particularly with mental illnesses such as depression and anxiety [18, 19] , which in turn leads to (often longer [20, 21] ) absence on sick leave [22] [23] [24] .
Strengths and Limitations
This is one of the first studies investigating the relation between personality factors and sick leave days longitudinally. Data were derived from a population-based, longitudinal study of German households (GSOEP). Using Poisson FE regression, intraindividual changes were examined and the problem of unobserved heterogeneity was reduced [15] . There is the possibility of endogeneity (reverse causality) [25] . Thus, it is, for example, possible that sick leave days experienced ten months ago increased the present level of neuroticism. Consequently, further research is required based on panel instrumental variable (IV) approaches in order to deal with endogeneity problems between personality factors and sick leave days. However, the consistency of IV estimates depends on accurate instruments. IV estimates relying on weak instruments lead to highly biased estimates. Consequently, Poisson FE regressions were used in this study. The BFI-S was used to quantify personality. Generally, it has satisfactory psychometric properties. However, it is worth noting that it has shortcomings in agreeableness [14] . Furthermore, we cannot dismiss the possibility that there is some recall bias regarding the number of sick leave days in the preceding year.
Conclusions
The findings of the current study highlight the association between neuroticism and sick leave days longitudinally. Further research is required to elucidate the underlying mechanisms. 
